Disability Score (NDS) criteria to diagnose diabetic neuropathy [18, 19] . The patients underwent an ophthalmological examination, including visual acuity, slit-lamp examination, and funduscopy for the absence or presence of retinopathy. A total of 282 unrelated healthy subjects (mean age 55.550±8.149 years; 65 men, 217 women) were recruited consecutively. All participants, patients and healthy controls, were of Turkish origin, from the inner Central Black Sea region of Turkey. The healthy controls were matched for age, gender, and geographic area with patients with DPN and were free from another systemic disease. The protocol of this study was approved by the Institutional Ethics Committee, and all participants gave written informed consent before enrolling in the study.
Genotyping: Genomic DNA was extracted from whole venous blood samples using a commercial DNA isolation kit (Sigma-Aldrich, Taufkirchen, Germany). The MTHFR C677T (rs1801133) mutation was analyzed with PCR-based restriction fragment length polymorphism (RFLP) assay as described previously [12] . The amplification conditions consisted of an initial melting step of 5 min at 94 °C; followed by 35 cycles of 30 s at 94 °C, 30 s at 61 °C, and 30 s at 72 °C; and a final elongation step of 5 min at 72 °C. The sequences of PCR primers were 5′-TGA AGG AGA AGG TGT CTG CGG GA-3′ and 5′-AGG ACG GTG CGG TGA GAG TG-3′. PCR was performed in a total volume of 25 µl reaction containing 100 ng of genomic DNA, 2.5 µl of 10X PCR buffer, 200 µM deoxynucleotide triphosphates, 10 pM each primer, and one unit of Taq DNA polymerase. After amplification, the 198 bp PCR product was digested with HinfI in a 15 µl reaction solution containing 10 µl of PCR product, 1.5 µl of 10X buffer, and two units of HinfI at 37 °C overnight. The digestion products were separated on 3% agarose gels, and fragments stained with the ethidium bromide were photographed on an ultraviolet transilluminator. 
RESULTS
The baseline clinical and demographic features of the study patients with DPN are shown in Table 1 . Gender, age, disease duration, height, weight, body mass index (BMI), hemoglobin, serum creatinine, glycated hemoglobin (HbA1C), triglyceride, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, systolic blood pressure, diastolic blood pressure, type of diabetes mellitus, history of retinopathy, history of hypertension, medications, and smoking of patients were analyzed. Age and gender did not differ between the patient and control groups (p=0.055 and 0.409, respectively). Baseline characteristics of the patients according to the MTHFR genotypes were similar, except history of retinopathy. The frequency of the TT genotype was significantly higher in patients with a positive history of retinopathy than in the patients with a negative history of retinopathy (p=0.039; Table 1 ).
The frequency of the CC, CT, and TT genotypes of the C677T mutation in the patients was 53.5%, 37.0%, and 9.5%, respectively, and in the controls, the frequency was 63.8%, 33.0%, and 3.2%, respectively ( Table 2 ). The C and T allele frequencies were 72.0% and 28.0%, respectively, in the patient group and 80.3% and 19.7%, respectively, in the control group (Table 2 ). The distributions of the genotype and allele frequencies of the MTHFR gene C677T mutation were statistically different between the patients with DPN and the control group (p=0.003 and p=0.002, odds ratio=1.59, 95% confidence interval =1.19-2.13; Table 2 ). High differences were also observed when the patients and the controls were compared according to CC versus CT+TT and CC+CT versus TT genotypes (p=0.018 and p=0.003, respectively; Table 2 ). The MTHFR gene C677T mutation was associated with DPN susceptibility in a Turkish population. The observed and expected frequencies of the mutation were in Hardy-Weinberg equilibrium in the patient and control groups.
DISCUSSION
The major finding of the present study is the demonstration of an association between the MTHFR gene C677T mutation and DPN as well as history of retinopathy. In vitro studies showed that hyperhomocysteinemia affected nervous function by direct cytotoxic effects or by oxidative damage of endothelial cells, leading to occlusive arteriosclerosis in small vessels [20, 21] . Therefore, macro-and microvascular damage associated with higher hyperhomocysteinemia plasma values could be associated with nerve damage and would explain our results.
In a previous study, the total plasma homocysteine concentrations and the frequency of hyperhomocysteinemia were significantly higher in the group of diabetic patients with neuropathy compared to non-neuropathic patients in a German population (p=0.04) [8] . In the same study, the vitamin B 12 concentrations demonstrated a trend to decrease in the neuropathy group (p=0.06). Plasma total homocysteine concentrations were also independently associated with the occurrence of diabetic neuropathy in two recent Chinese studies [9, 10] . In these Chinese studies, the plasma homocysteine levels were significantly higher in patients with diabetic neuropathy than in patients without diabetic neuropathy (p<0.001 and p=0.005, respectively). The authors hypothesized that hyperhomocysteinemia was an independent risk factor for the occurrence of diabetic neuropathy [9, 10] .
Diabetic retinopathy is a leading cause of blindness [22] . Hyperhomocysteinemia has been associated with diabetic retinopathy [23] . In vitro studies indicated that homocysteine increases the expression of the vascular endothelial growth factor in cell cultures via activation of its transcription [24, 25] . The vascular endothelial growth factor is a proangiogenic factor known to play a key role in the development and progression of diabetic retinopathy [25, 26] . The C677T mutation in the MTHFR gene has been related to homocysteine levels and to vascular diseases [12] . The relationship between this mutation and diabetic retinopathy has been evaluated in many studies. As a result of a recent meta-analysis that included eight case-control association studies, the 677TT genotype was associated with a moderately augmented risk for diabetic retinopathy [27] . In the current study, in concordance with the previous results, the frequency of the TT genotype was significantly higher in patients with a positive history of retinopathy than in patients with a negative history of retinopathy (p=0.039).
In conclusion, for the first time, our findings demonstrate that the MTHFR gene C677T mutation is related to DPN. The C677T mutation is also associated with a history of retinopathy in these patients. Our results showed that patients with the C677T mutation have a predisposition to DPN. Nevertheless, the significance of the MTHFR gene C677T mutation in DPN requires further studies.
